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Q Can Iowa and other Midwestern states be self-sustainable in food production?  
A Investigators designed two new metrics to guide strategic planning toward more localized systems: the “per capita 
cropland requirement” and the “regional self-sustainability in-
dex.” Emphasis was on minimizing the distance between popula-
tion centers and available cropland, accounting for variations in 
yield among 40 of the most marketable food crops that can be 
grown in the Midwestern United States.
Background
The project investigators developed a linear programming optimization method to 
assess the regional potential for localized and diversifi ed agricultural systems to meet 
the dietary requirements of local populations. The project emphasized minimizing the 
distance between population centers and available cropland, accounting for varia-
tions in yield among 40 of the most marketable food crops that can be grown in the 
Midwest. While data from eight Midwestern states were used to fuel the model, the 
methods developed can be applied to most other regions of the country.
The project had three primary objectives: 
1. Develop innovative protocols, metrics and optimization methods to analyze the 
foodshed localization potential of geographic areas in Iowa, 
2. Apply the methods developed to defi ne foodshed geographies for all cities and 
rural populations in Iowa, and
3. Present, communicate, and initiate peer review and discussion of results with the 
intention of prompting follow-up economic and environmental studies in Iowa. 
Approach and methods
The methods were derived from a study by Cornell University researchers that identi-
fi ed foodshed potential in New York. Their study introduced the concept of a Human 
Nutritional Equivalent (HNE), which they defi ned as “a basket of food that contains 
representatives from all food groups combined in the proper proportions to constitute 
a complete diet for one person for one year” using U.S. Department of Agriculture 
guidelines. The HNE targets a representative diet, which is used to identify how 
much cropland is needed for each consumer.
Competitive Grant Report M2010-04
Mapping potential foodsheds in Iowa: A 
system optimization modeling approach
Principal
Investigator:
Guiping Hu 
Industrial and 
Manufacturing Systems 
Engineering
Co-investigators:
Randy Boeckenstedt
Institute for 
Transportation 
Lizhi Wang 
Industrial and 
Manufacturing Systems 
Engineering 
Susan Wohlsdorf-
Arendt 
Apparel, Educational 
Studies and Hospitality 
Management 
Iowa State University
Budget:
$36,913 for year one
$34,626 for year two
Abstract: Linear 
programming tools 
are used to gauge 
regional potential 
for local diversifi ed 
agriculture required 
to meet the dietary 
needs of the 
population.
MARKETING
Leopold Center 2012 Center Progress Report 2
While the New York study is based on a three-mile grid resolution, the one used for 
this project averages 27 miles, which varies according to the land area of each county 
level data record. This method is based on county-level rates, not totals for each 
region. Instead of estimating totals for a specifi c 3-mile grid location, the investiga-
tors applied county level rates per square mile to the area covered by each county or 
population center.
Results and discussion
The modeling for the project involved geographic data, recommended dietary 
amounts needed for various food groups, yield and acreage estimates for each crop 
needed, net production capacity and population distribution.  Researchers identifi ed 
two new foodshed performance metrics and demonstrated that linear programming 
is effective and appropriate for organizing foodsheds to minimize transport require-
ments between population centers. 
The per capita cropland requirement and regional self-sustainability index were intro-
duced to provide quick, easy-to-understand references for making regional compari-
sons. The per capita cropland requirement shows how much acreage is needed within 
a region to meet all targeted dietary requirements for an average person for one year. 
This metric accounts for all expected product and spoilage losses and can be multi-
plied directly by population to identify the total cropland needed to supply a targeted 
area.
The regional self-sustainability index more broadly characterizes how effectively an 
area can become self-sustaining relative to the dietary target. The value is calculated 
by dividing the cropland available within a region by the total cropland needed to 
supply its internal population. A value greater than one implies that the region can be 
self-sustaining while a value less than one implies otherwise.
Conclusions
When targeting a dietary mix that emulates all MyPyramid dietary recommendations, 
the per capita cropland requirement for the eight-state region surveyed averages 0.49 
acres per consumer, which varies on average by 0.09 acres per consumer within the 
region. The self-sustainability index is estimated at 9.3, which indicates the region 
has 9.3 times more cropland than it needs to become self-sustaining relative to the 
MyPyramid dietary target. The total cropland requirement for the region is estimated 
at 18 million acres.
The linear programming model yielded these fi ndings: 
• Targeted MyPyramid recommendations can be met within an average distance 
(weighted by population) of 13.6 miles throughout the study region. 
• Fifty-six percent of the population could be supplied in less than a fi ve-mile pro-
duction range. 
• The Chicago area, which represents the largest concentration of consumers in the 
study area, could become self-sustaining within a 76-mile range. 
• Minneapolis (37 miles), St. Louis (27 miles), Kansas City (24 miles), and Des 
Moines (10 miles) also could become self-sustaining within relatively small travel 
distances. 
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• The predominantly rural, wooded areas of northern Minnesota and Wisconsin 
require a relatively larger supply range relative to population. 
These results do not account for seasonality, storage methods, or quality perceptions, 
which are beyond the scope of this study.  Investigators believe that over time, a rise 
in transportation costs will drive investment toward more advanced food production 
and storage technologies to resolve these issues. 
Impact of results
In addition to developing a completely new method of analysis and applying it to the 
region surrounding Iowa, two new metrics were introduced to guide strategic plan-
ning toward more localized systems: the “per capita cropland requirement” and the 
“regional self-sustainability index” which provide general indications of how self-
sustaining a region can become. 
Food policy councils, nonprofi t organizations, researchers, and economic develop-
ment groups can use these methods and data to examine the impacts of policy deci-
sions on a specifi c region. Information can be used to target or acquire resources for 
research and education, or to assess various impacts related to changes in food avail-
ability, diet or marketing.  Third party service businesses, such as suppliers and mar-
keting fi rms, can use the methods to identify support systems that might be needed, 
such as warehouses, processing plants, local trucking fl eets, and other shared infra-
structure. 
While these methods can be used in a variety of ways, their presence also is intended 
for users who previously did not have access to these production and market statis-
tics. The investigators hope that making these analyses available will engage different 
types of users in developing initiatives to improve the poly-cultural capacity of farm-
ing in Iowa.
Education and outreach
Two articles based on the project results appeared in the Journal of Hunger and Envi-
ronmental Nutrition.  Additional articles were published in the Journal of the American 
Dietetic Association and the Journal of Agriculture, Food Systems and Community 
Development.
The researchers made presentations on the project at the 2011 Industrial Engineer-
ing Research Conference, the 2011 American Dietetic Association Food and Nutrition 
Conference, and the Institute for Operations Research and the Management Sciences 
Annual Meeting in November 2011. 
. 
Leveraged funds  
No additional funds were leveraged by this project. 
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